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Process for Inhibiting the 
Polymerization of Acid Monomers 

BACKGROUND OF THE INVENTION 

The present invention relates to compositions 
5 for inhibiting the polymerization of acrylic acid and 

methods of manufacturing the compositions. This invention 
is particularly useful for preventing the polymerization 
of acrylic acid upon its distillation. Accordingly, the 
invention also relates to processes for stabilizing the 
10 distillation of acrylic acid. 



Although acrylic acid was first prepared in 
1847, and although its polymerization has been known for 
over a century, means for addressing the technical diffi- 
culties associated with its manufacture and polymerization 

15 have only begun to surface since 1930. These processes 

for manufacturing acrylic acid, and particularly its 
concentration and purification, have normally comprised 
various thermal distillation techniques. It is widely 
known that the principal losses of acrylic acid in these 

20 operations are due to thermal polymerization of the 

acrylic acid monomers. However, since the thermal energy 
is essential in these distillation operations, various 
devices or means for inhibiting the polymerization despite 
the presence of heat have been variously considered over 

25 the years. Notably, mild operating conditions, rapid 

throughput avoiding residence time of the acrylic acid, 
and feeding polymerization inhibitors into the distilla- 
tion device have been employed for this purpose. 



In the past, a number of polymerization inhib- 
30 itors have been tried, either singly or as combinations 



WO 89/10343 PCT/US89/01599 

- 2 - 



of two or more, and often synergized by molecular oxygen 
bubbled through the distillation column during the course 
of aerobic distillations. Such inhibitors include para- 
methoxyphenol (herein referred to as hydroquinone mono- 
5 methyl ether [MEHQ] ) , phenothiazine (PTZ), catechol, 
methylene-blue, diphenylamine f various organic copper 
salts, particular aromatic nitroso compounds and other 
phenolic, amine, nitro, and quinone compounds and their 
inorganic salts. However, for the most part, these 
10 polymerization inhibitors have been specific for vapor 
phase polymerization inhibition or alternatively liquid 
phase polymerization inhibition. 

U.S. Patent 3,674,651 discloses a polymerization 
inhibitor composition for acrylic acid comprising molecu- 

15 lar oxygen, diphenylamine or its derivatives and either 
benzoquinone or MEHQ. However, the process for 
synergizing the composition calls for introducing the 
inhibitors at the top vapor phase of the column, while 
adding an additional general liquid phase polymerization 

20 inhibitor to the liquid phase and supplying air or oxygen 
up through the bottom of the column to effect the 
stabilization. 



U.S. Patent 4,021,310 discloses a polymerization 
inhibiting procedure for acrylic acid in vapor-phase 
25 catalytic oxidation requiring at least one inhibitor such 
as MEHQ or PTZ combined with particular carbamate or 
salicylate copper salts and air or molecular oxygen 
bubbled into the distillation column. 



30 



In 1976 Jursich theorized in U.S. Patent 
3,959 ,358 that phenol-type polymerization inhibiting com- 
positions such fTEHQ (para-methoxyphenol) for acrylate 
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esters were made effective in the presence of dissolved 
oxygen if combined in an excess nolar amount with various 
amine type inhibitors such as PTZ . He theorized that 
phenol-type inhibitors satisfactorily prevent thermally 
5 activated polymerization of acrylic esters when little or 
no oxygen is present. However, according to Jursich, when 
oxygen is present in the ester solution such as from poly- 
merization initiating species like peroxides, the phenol- 
type inhibitor alone is inadequate. Accordingly, various 
10 amine-type inhibitors, particularly phenothiazine (PTZ), 
were used to scavenge the dissolved oxygen without air or 
oxygen bubbled into the column. However, unlike acrylic 
esters, this theory has been found to be ineffective with 
acrylic acid. 

15 N-nitrosophenylhydroxylamine (NPH) has been 

known as a stabilizer inhibiting the polymerization of 
monomers for a number of years. See for example, U.S. 
Patent 2,758,131 and German Patent 1,180,733. Also, U.S. 
Patent 3,426,063 discloses its use in inhibiting the 

20 polymerization of water soluble acrylate esters but not 

acrylic acid. In the past, the use of NPH as a polymeri- 
zation inhibitor for acrylic acid has had a number of 
drawbacks, including the need for using it in such high 
concentration that the waste of dissolution has a 

25 deleterious effect on the distillation operation. 

Stewart discloses in U.S. Patent 4,210,493 that 
in certain anaerobic conditions common to acrylic acid 
distillation such as vapor spaces, overheads, unvented 
reflux columns, and especially when vacuum distillation is 
30 involved, a lack of oxygen flowing through the equipment 
renders total loss of inhibitory properties to most known 
inhibitors when attempting to inhibit polymerization of 
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acrylic acid. Certain aliphatic C-nitroso compounds are 
said to overcome that problem for acrylic acid vapor phase 
polymerization inhibition where there is no air or oxygen 
present . 

5 U.S. Patent 4,310,676 discloses another polymer- 

ization inhibitor composition for acrylic acid under 
anaerobic sealed storage conditions comprising 
phenothiazine (PTZ) and para-nitrosophenol. 

A new and improved polymerization inhibiting 
10 composition for acrylic acid in both the vapor and liquid 
phases devoid of the prior art problems would be a 
substantial advancement in the art. 

SUMMARY OF THE INVENTION 

It is a principal object of the present 
15 invention to provide a synergistic composition of matter 
for inhibiting the polymerization of acrylic acid. 

It is a further important object to provide a 
composition of matter for inhibiting polymerization of 



20 



acrylic acid which composition has exceptionally good 
performance in both the liquid and vapor phases during 



It is still a further object to provide a method 
for making a synergistic polymerization inhibiting 
composition for acrylic acid. 

25 Another object of the present invention is to 

provide a method for improving the performance of NPH as a 
polymerization inhibitor for acrylic acid. 
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Still another object of the present invention is 
to provide a novel method for improving the performance of 
MEHQ as a polymerization inhibitor for acrylic acid. 

It is still a further principal object of the 
5 present invention to provide a method for stabilizing the 
distillation of acrylic acid without the need for bubbling 
air or molecular oxygen into the distillation equipment. 

An additional object of the present invention is 
to provide a novel method for synergizing a polymerization 
10 inhibiting composition for acrylic acid without the need 

for bubbling air or oxygen during distillation preparation 
or purification of the acid. 

Still other objects and advantages of the 
invention will be apparent to those skilled in the art 
15 upon reference to the following detailed description of 
the preferred embodiments and the appended examples. 

DETAILED DESCRIPTION AND PREFERR ED EMBODIMENTS 

In accordance with the present invention, it has 
been discovered that thermal polymerization of acrylic 

20 acid in the liquid and/or vapor phases may be inhibited in 
an unusually effective manner by a composition of matter 
comprising pre-oxygen-act ivated N-n itrosophenylhydroxyi- 
amine ( NPH ) and para-methoxyphenol herein referred to as 
hydroquinone monomethyl ether (MEHQ). The effective 

25 polymerization inhibition obtained from NPH and MEHQ when 
combined to produce the composition of the present 
invention is much greater than that obtained when either 
inhibitor is used alone or in combination with other 
commercially available inhibitors such as phenothiazine . 
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Although the chemistry of the interaction of NPH and 
oxygen, and of NPH and MEHQ is not understood, there is a 
possible explanation for the phenomenon of the present 
invention. It has been discovered that NPH and MEHQ when 
5 combined ordinarily do not provide very good polymeriza- 
tion inhibition. It may be possible that NPH reacts or 
interacts very rapidly with MEHQ to give a form or complex 
or reaction product which is ineffective. However, it may 
be possible that NPH is activated by, or interacts in some 

10 way with, or is oxidized by the dissolved oxygen in such 

acid solutions if thoroughly agitated and allowed to stand 
or sit during a small interval of time often referred to 
herein as a residence item. This reaction or interaction 
of NPH with oxygen if occurring is slower than the inter- 

15 action of NPH with MEHQ. Thus, so long as NPH is in 

substantial molar excess over any amount of MEHQ that may 
be present during the residence time, then a subsequent 
addition of MEHQ to provide a molar excess over that of 
the NPH results in an unusually effective polymerization 

20 inhibitor. Accordingly, although it is not known the 

exact chemical specie or species of' NPH that is so effec- 
tive of an inhibitor to the polymerization of acrylic acid 
upon combination with MEHQ, this component of the composi- 
tion of the present invention is hereinafter described as 

25 pre-oxygen-activated NPH. 

Pre-oxygen-activated NPH is derived from aqueous 
solutions of NPH, preferably the ammonium salt which is 
often referred to as cupferron. Other water soluble salts 
of NPH which may be employed to prepare such aqueous 
30 solutions include for example, alkali metal salts such as 
sodium; amine salts such as ethylamine; alkanolamine 
salts such as ethanolamine ; or any salt of NPH which has a 
solubility of at least 5% in water, alcohol, ester, ether 
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or other solvents compatible with acrylic acid, and which 
will not deleteriously affect the quality of the monomer. 
Any convenient concentration of the solution may be 
employed. It has been found to be particularly desirable 
and preferred that when using cupferron as a source of 
NPH, an aqueous solution of about 10% MPH is utilized. A 
sufficient molar amount of NPH to provide the requisite 
level or concentration of NPH desired in the final monomer 
to be stabilized from thermal polymerization is added to a 
small amount of a weak acid such as acrylic or acetic 
acid, agitated, and permitted a residence time for pre- 
oxygen activation of the NPH. Preferably, the amount of 
NPH desired for the effective polymerization inhibitor 
composition ranges from 50 ppm to 150 ppm based upon the 
15 final weight of acid monomer. Accordingly, it is 

preferred to employ from 0.001 gram (1 gram/liter) to 
0.006 gram (6 grams/liter) of NPH per ml of acrylic acid 
or preferably 2000 ppm during the preoxygen stage of this 
process and for the preparation of what is here referred 
to as pre-oxygen-act ivated NPH. 



10 



20 



25 



30 



Acrylic acid is often commercially available 
after having been pre-stabilized with from about 100 to 
200 ppm MEHQ . However, as previously indicated, such 
pre-stabilized acrylic acid with such levels of MEHQ 
either alone or in combination with other inhibitors such^ 
as PTZ, have an inferior performance to the composition of 
the present invention. Also, acrylic acid pre-stabilized 
with such concentrations of MEHQ are ordinarily rendered 
less effective upon the addition of NPH. Nevertheless, it 
has been found that so long as NPH is in substantial 
excess to the amount of MEHQ in such acid monomer and 
sufficient residence time is allowed after mixing the NPH 
into the solution, there can be formed the pre-oxygen- 
activated NPH of the invention. One preferred embodiment 
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of the present invention calls for mixing a small amount 
of acrylic acid containing from 0 to 200 ppm MEHQ with a 
substantial molar excess of NPH ranging from 10 to 50 
moles NPH per mole MEHQ. It should be noted, however, 
5 that oxygen activation can occur in the total absence of 

MEHQ and it can occur when the NPH is added to a weak acid 
other than acrylic acid, as for example, acetic acid. 

Following the preparation of pre-oxygen acti- 
vated NPH, MEHQ is added. Preferably, MEHQ is dissolved 
10 in the acrylic acid at a stabilizing amount and the MEHQ 
solution is added to the pre-oxygen activated NPH to 
provide a composition having from 50 to 150 ppm NPH based 
upon weight of the acrylic acid and from 200 to 400 ppm of 
the MEHQ based upon the weight of the acrylic acid. 

15 T he inhibitor composition of the present inven- 

tion may be employed to inhibit polymerization during the 
preparation of acrylic acid as well as during the purifi- 
cation of these monomers by distillation. The inhibitor 
composition may be either previously prepared or may be 

20 contacted with crude impure monomer and formed in situ in 
the kettle of the distillation system prior to distilla- 
tion. The mixture of monomer and the inhibitor composi- 
tion of the present invention may be distilled under 
substantially anaerobic conditions and condensed outside 

25 of the distillation zone. The inhibitors may also be 
added to the plates of the distillation column during 
distillation to prevent polymer formation therein. 
Additionally, purified monomers are effectively stabilized 
against polymerization during storage under anaerobic 

30 conditions and above 15°C temperature by the addition of 
the inhibitors of this invention. 
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10 



Although the composition of the present inven- 
tion provides synergistic polymerization inhibition, with- 
out the need for bubbling oxygen through the distillation 
column, and although required residence time as needed to 
bring about pre-oxygen-activated NPH is ordinarily avoided 
during distillation, it may be possible to pre-oxygen 
activate solutions of NPH and acrylic acid in the column 
prior to the addition of substantial molar excesses of 
MEHQ if distillation columns of sufficient length to 
accomplish the object of the present invention were used. 



As above noted, the desired concentrations of 
the NPH and MEHQ give rise to preferred weight ratios of 
pre-oxygen-activated NPH to MEHQ ranging from 0.02 to 
about 0.05. Preferably, a ratio of from 0.125 to 0.75. or 
15 more preferably, from 0.4 to 0.6 is used. 

The ordinary distillation of acrylic acid 
involves vacuum distillation under pressures of from about 
50 mm Hg to 150 mm Hg and temperatures ranging from about 
90°C to 120°C. The composition of the present invention 
20 serves to stabilize such distillations in an unusually 
effective manner. Additionally, the invention may have 
utility in the preparation of acrylic acid during 
catalytic oxidation procedures. 

ine polymerization iiniiuiLina ^^, ut ,^^ - ~ — — 
25 the present invention show unusually advantageous effects 
in both the liquid and vapor phases of monomer distilla- 
tion. The onset of polymerization in the liquid phase is 
evidenced by the development of haze, which can be mea- 
sured in ascertaining the effectiveness of the polymeriza- 
30 tion inhibitor composition. The effectiveness of inhibi- 
tion in the vapor phase is measured in the traditional 
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manner of positive or negative weight gain with regard to 
a popcorn polymer bead placed at the top of the 
distillation column. 

The following examples are given for more 
5 specifically illustrating the invention, 

EXAMPLES 

In the examples , a round bottom flask equipped 
with a Vigreux column (30 cm long) and a vacuum source was 
employed to measure the effectiveness of the inhibitors 

10 tested . The flask was heated by an oil bath and ag itation 
was provided by means of a magnetic stirring device, A 
small stainless steel mesh basket containing an accurately 
weighed kernel of styrene-butadiene rubber popcorn 
(0.01-0,02 gms) was affixed to the top of the column in 

15 order that the kernel could be suspended in the vapor 
phase region of the flask well above the liquid phase 
during heating of the contents of the flask. 

In each test 100 ml of glacial acrylic acid 
containing the inhibitor or inhibitors to be tested was 

20 added to the flask. The acrylic acid was stirred and 

heated under reduced pressure to provide re fluxing well up 
into the Vigreux column. The refluxing took place 
anaerobically at a pressure of between 5 0 and 6 0 mm of 
mercury and the temperature employed was from 95 to 105°C. 

25 The refluxing was continued for 6 hours, or less if 
polymerization was observed to be occurring rapidly. 

Both vapor phase polymerization inhibition and 
liquid phase polymerization inhibition were measured. At 
the end of the refluxing time interval , the popcorn kernel 
30 was recovered, dried and weighed. The percent change in 
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weight of the kernel was calculated. No increase in its 
weight or a negative weight change indicated complete 
inhibition of vapor phase polymerization. An increase in 
weight indicated the relative degree of vapor phase 
5 polymerization. Liquid phase polymerization inhibition 

was measured by the amount of time required for the liquid 
phase to become hazy, which haze indicates the presence of 
polymer in the liquid. 

The specific examples are listed below and their 
10 results are tabulated in Table 1. All concentrations are 
by weight; N-nitrosophenylhydroxylamine has been abbrevi- 
ated to NPH; and hydroquinone monomethyl ether has been 
abbreviated to MEHQ. The NPH is used in the form of its 
ammonium salt. - 

15 EXAMPLE 1 

To 6 ml of acrylic acid stabilized with 200 ppm 
of MEHQ was added 0.013 g of NPH, as a 10% water solution, 
creating a substantial molar excess of NPH. The solution 
was stirred and allowed to stand for between 3 and 4 

20 minutes. Then, 94 ml of the acrylic acid stabilized with 
200 ppm of MEHQ was added to the flask of the test appa- 
ratus and combined with the 6 ml aliquot described above 
to provide 100 ml of solution containing 124 ppm of NPH 
and 200 ppm of MEHQ. The solution was refluxed for 6 

25 hours and resulted in excellent polymerization inhibition 
as reflected in Table 1. The stirring of the 6 ml aliquot 
of acrylic acid containing the substantial molar excess of 
NPH under ambient conditions allowed air equilibration of 
the mixture and the 3 to 4 minute residence time was suf- 

30 ficient to oxygen-activate the NPH in situ from dissolved 
oxygen. This in turn permitted synergistic polymerization 
inhibition when MEHQ was added in molar excess. 
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EXAMPLE 2 

The same procedure as Example 1 was followed 
except that 0.0115 g NPH was added to a 5 ml aliquot of 
the acrylic acid, and the solution was allowed to stand 
5 for 4 minutes prior to combining the aliquot with 95 ml of 
the acrylic acid. The concentration of NPH finally tested 
was 110 ppm. Like that of Example 1, exceptional 
polymerization inhibition was observed. 

EXAMPLE 3 

10 A similar procedure as in Examples 1 and 2 was 

followed except that the acrylic acid stabilized with 200 
ppm MEHQ was first distilled to give essentially inhib- 
itor-free acrylic acid. To 20 ml of the inhibitor-free 
acrylic acid was added 0.013 g NPH as a 10% water solution 

15 and mixed. To 80 ml of this distilled inhibitor-free 

acrylic acid was added 0.0227 g MEHQ and mixed. After one 
minute, the two solutions were combined in the test flask 
and tested for vapor and liquid phase polymerization 
inhibition. The concentration of MEHQ was 216 ppm and the 

20 concentration of NPH was 124 ppm. The results again 

showed exceptional polymerization inhibition and the NPH 
was oxygen activated without any need for even a small 
percentaqe of MEHQ during the air equilibration interval. 

EXAMPLE 4 

25 A similar procedure to the previous examples was 

followed except that the NPH was oxygen activated in 
acetic acid. To 4.5 ml of acetic acid in a vial was added 
0.003 g NPH, as a 3% aqueous solution (0.1 ml), and the 
solution was mixed and allowed to stand for one minute. 
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This solution was then added to 100 ml of acrylic acid 
which contained 200 ppm MEHQ , and this solution was added 
to the flask of the test apparatus and the solution was 
tested for polymerization inhibition. The solution tested 
5 contained 29 ppm of NPH by weight of the acrylic acid and 
200 ppm of MEHQ by weight of the acrylic acid. Again, 
polymerization inhibition was achieved in both the liquid 
and vapor phases . 

EXAMPLE 5 

10 The same procedure of Example 4 was followed 

except that to 4 ml of acetic acid was added 0.0018 g NPH 
as a 1.8% aqueous solution. After about one minute that 
solution was combined with the 100 ml of acrylic acid 
containing 200 ppm of MEHQ and the combination tested. 

15 The composition comprised 17 ppm of NPH and 200 ppm of 
MEHQ both based on the weight of acrylic acid. Again, 
excellent results were obtained where the oxygenact ivat ion 
of NPH took place in acetic acid. 

EXAMPLE 6 

20 A similar procedure to the previous examples was 

followed except that the initial aliquot of NPH was 
protected from air and thus not allowed to combine with 

UA_y y vn a. w x. «w^-Awt-iw*v**» — — >— — — — — — t i. 

MEHQ, and 6 ml were sparged with nitrogen for several 
25 minutes to remove the dissolved oxygen. Then a nitrogen 
blanket was kept over the solution and 0.013 g NPH was 
added, as a 10% water solution, and mixed. While main- 
taining the nitrogen blanket, the NPH solution in acrylic 
acid was allowed to stand for 4 minutes. Then the solu- 
30 tion was combined with 94 ml of the acrylic acid 
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containing 200 p'pm of MEHQ f again while under the nitrogen 
blanket . The combination was added to the distill ing 
flask and the polymerization inhibition tested. The level 
of NPH was 124 ppm and the level of MEHQ was 200 ppm, 
5 Very poor polymerization inhibition resulted in both the 
liquid and vapor phases. This test demonstrated that 
without oxygen activation the NPH combined with MEHQ is a 
poor polymerization inhibition composition for acrylic 
acid, 

10 EXAMPLE 7 

This example differed from the procedures of the 
previous examples in that oxygen activation of NPH was 
attempted while MEHQ was present in a molar excess. To a 
5 ml vial of acrylic acid containing 200 ppm MEHQ was 

15 added an additional 0.0253 g MEHQ. To this 5 ml solution 
was added 0.0123 g NPH as a 10% water solution. The mole 
ratio of MEHQ to NPH in this 5 ml solution was 2.7. The 
solution was allowed to stand for 6 minutes and then 
combined with 9 5 ml of acrylic acid containing 2 00 ppm 

20 MEHQ such that the final 100 ml solution contained 117 ppm 
of NPH and 440 ppm of MEHQ and this solution was tested 
for polymerization inhibition. Very poor results were 
achieved demonstrating that NPH even though exposed to 
dissolved oxygen, will not activate when MEHQ is present 

25 in excess. Apparently, in acrylic acid or for that 

matter, other acids such as acetic acids, NPH reacts or 
interacts very rapidly with MEHQ to give a form, complex, 
or reaction product which does not provide very good 
polymer i z at ion inhibition . See Table 1 . 
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EXAMPLE 8 

In a similar manner to Exanple 7, an excess of 
MEHQ was combined with NPH except that no time was allowed 
for the NPH mixture to stand- That is, to 0,013 g NPH in 
5 a flask was added 100 ml of acrylic acid containing 220 
ppm MEHQ. The concentration of NPH was thus 124 ppm as 
compared to the 200 ppm of MEHQ. The solution was mixed 
and immediately transferred to the test apparatus and 
tested for polymerization inhibition. Again, poor results 
10 were achieved, and it was demonstrated that the interac- 
tion or reaction between MEHQ and NPH occurs very rapidly 
rendering the combination ineffective and/or causing an 
inability of the NPH to oxygen activate. This particular 
excess of MEHQ was not as large as that from Example 7. 

15 EXAMPLE 9 

A similar procedure as that of Example 8 was 
conducted except that the NPH was in a substantial molar 
excess over that of the MEHQ. That is, to 100 ml of 
acrylic acid which contained 200 ppm of MEHQ, was added 

20 while stirring 0.065 g NPH as a 10% water solution giving 
619 ppm of NPH . The results were not very good demon- 
strating that the residence time is essential for 
activating NPH and that NPH without such oxygen activation 
is not a very good polymerization inhibitor for acrylic 

25 acid. 

EXAMPLE 10 



This procedure was conducted to measure the 
effectiveness of MEHQ alone as a polymerization inhibitor 
of acrylic acid under anaerobic conditions. That is. 
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0.021 g MEHQ was added to 100 ml of acrylic acid which 
already contained 200 ppm of MEHQ. The solution was 
therefore brought up to a concentration of 400 ppm of MEHQ 
and was tested for inhibition effectiveness. The results 
5 show that MEHQ was a significantly poorer inhibitor than 
the composition of the present invention. 

EXAMPLE 11 

This example was conducted to determine whether 
oxygen-activated NPH alone is effective in inhibiting the 

10 polymerization of acrylic acid. To 20 ml of distilled 

acrylic acid containing no other inhibitor was added 0.013 
g NPH as a 10% water solution. The solution was mixed 
aerobically and allowed to stand for about one minute. 
Then, 80 additional ml of the distilled acrylic acid was 

15 added bringing the concentration of NPH to 124 ppm. The 
100 ml was added to the test apparatus and tested for 
polymerization inhibition. However, the acrylic acid 
polymerized so rapidly that the basket containing the 
popcorn kernel was blown off of its support, and could not 

20 be recovered from the polymerized acrylic acid liquid. 
This demonstrates that even oxygen activated, the NPH 
alone was not an effective polymerization inhibitor, but 
rather it may have even promoted the violent 
polymerization after 50 minutes of reflux. 

25 EXAMPLE 12 

This example was conducted to test the premise 
of U.S. Patent 3,959,358, which theorized that certain 
phenol-type inhibitors such as MEHQ which are ineffective 
inhibitors of acrylic esters when oxygen is present can be 
30 made effective by adding certain amine-type inhibitors 
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such as phenothiazine which are oxygen scavengers. So 
long as the MEHQ is in excess of the phenothiazine (PTZ) 
effective polymerization inhibit ion is expected. However , 
in this example, acrylic acid containing 200 ppm of MEHQ 
5 was treated with PTZ prepared in the same manner as was 

effective for NPH • That is, 6 ml of the acrylic acid were 
added to 0.0132 g of PTZ and mixed while the PTZ was in a 
substantial molar excess. After standing several minutes, 
the 6 ml solution was combined with 94 ml of acrylic acid 
10 bringing the concentration of PTZ to 126 ppm while having the 
MEHQ at 200 ppm. The polymerization inhibition as can be 
seen from Table 1 was very poor and quite inferior to the 
composition of the present invention. 



TABLE 1 





MEHQ 


NPH 


% Weight 




Time Liquid 


EXAMPLE 


Level , 


Level , 


Change in 


Time of 


Phase Remained 


No. 


ppm 


ppm 


Popcorn Seed 


Reflux 


Clear 


1 


200 


124 


-2.4 


6 hrs . 


6 hrs . 


2 


200 


110 


-7.8 


6 hrs . 


6 hrs . 


3 


216 


124 


-1.2 


6 hrs . 


6 hrs . 


4 


200 


29 


-0.7 


6 hrs. 


6 hrs . 


5 


200 


17 


+ 2.7 


6 hrs . 


6 hrs . 


6 


200 


124 


639. 


4 hrs . 


1 hr. 


7 


440 


117 


592. 


5 hrs . 


40 min. 


8 


200 


124 


644. 


5 hrs . 


30 min. 


9 


200 


619 


252. 


70 min. 


45 min. 


10 


400 




277. 


35 min. 


15 min. 


11 






«a 


50 min. 


20 min. 


12 


200 




636 


6 hrs . 


36 min. 



30 



a Polymerized violently at 50 minute reflux. 
b No NPH used but contained 126 ppm PTZ. 
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CLAIMS : 

1. A composition of matter comprising 

a) pre-oxygen-act ivated N-nitrosophenyl- 
hydroxylamine ; and 
5 b) a molar excess of hydroquinone mono- 

methyl ether. 

2. The composition of Claim 1, wherein the 
relative weight ratio of N-nitrosophenylhydroxylamine to 
hydroquinone monomethyl ether of from about 0.0 2 to 0.95. 

10 3. The composition of Claim 2, further 

comprising acrylic acid . 

4. A method for making a polymerization 
inhibitor composition comprising the steps of 

a) oxygen-activating N-nitrosophenyl- 

15 hydroxylamine , said N-nitrosophenylhydroxylamine being in 
substantial molar excess of any hydroquinone monomethyl 
ether which may be present; and 

b) adding hydroquinone monomethyl ether in 
an amount sufficient to provide a molar excess over said 

20 oxygen-activated N-nitrosophenylhydroxylamine . 

5. The method of Claim 4, wherein said oxygen 
activation occurs in situ by concentrating N-nitroso- 
phenylhydroxylamine in air-equilibrated acrylic acid at 
about 2000 ppm for about 1 to 4 minutes. 

25 6. The method of Claim 4, wherein the hydro- 

quinone monomethyl ether added in step (b) is added as an 
acrylic acid solution. 
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7. A process for inhibiting the polymerization 
of acrylic acid which comprises treating said acid with 

a) pre-oxygen-act ivated N-n i trosophenyl- 

hydroxylamine ; and 

b) hydroquinone monomethyl ether. 

8. The process of Claim 7, wherein the hydro- 
quinone monomethyl ether is in molar excess relative to 
the amount of pre-oxygen-activated N-ni trosopheny 1- 
hydroxy 1 amine . 

9. The process of Claim 7, wherein the concen- 
tration of (a) is from 10 to 400 ppm by weight of the 
acrylic acid, and the concentration of (b) is from 100 to 
500 ppm by weight of the acrylic acid. 

10. The process of Claim 7 r wherein the weight 
ratio or (a) to (b) is from about 0.02 to about 0.95. 



11. The process of Claim 7 f wherein (a) is pre- 
pared by mixing air-equilibrated acrylic acid and N-nitro- 
sophenylhydroxylamine in substantial molar excess of any 
hydroquinone monomethyl ether which may be present and 

20 allowing an effective residence time prior to subsequent 
addition of hydroquinone monomethyl ether. 

12. The process of Claim 7 , further comprising 
distilling said acrylic acid. 

13. A stabilized acrylic acid composition com- 
25 prising acrylic acid, pre-oxygenated-act ivated ri-nitroso- 

phenylhydroxylamine , and hydroquinone monomethyl ether. 
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14. The composition of Claim 13, wherein 
hydroquinone monomethyl ether is in molar excess relative 
to pre-oxygen-activated N-nitrosophenylhydroxylamine . 

15. The composition of Claim 13, wherein pre- 

5 oxygen-activated N-nitrosophenylhydroxylamine is present 
at from 10 to 400 ppm by weight of acrylic acid and 
hydroquinone monomethyl ether is present from 100 to 500 
ppm by weight of the acrylic acid. 
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